but rather a decrease in total ventilation (Wade et al. 1970 , Whipp et al. 1973 . This suggests two things; that there are no other active hypoxia sensors either peripheral or central, and that hypoxia depresses the medullary respiratory centre. Carotid body nerve activity progressively increases as the pO. falls from 500 mm Hg with a rapid rise in activity below 100 mm Hg. Below 30 mm Hg chemoreceptor activity is not sustained and decreases with time (Lahiri and Delaney 1975) . This indicates that chemoreceptor activity at sea level contributes to our resting ventilatory drive. There is however, a wide variation in hypoxic-ventilation responses depending upon age, physical condition, and the presence of pre-existing hypoxaemia (Berger et al. 1977) . Some chronically hypoxic subjects appear to have blunted or absent carotid body chemoreceptor response to additional hypoxia, yet many chronic lung disease persons are dependent to some degree on peripheral chemoreceptor drive.
In the carotid body the sensing cells respond to lowered pO. and not O2 content, however, there is a linear relationship between hemoglobin desaturation and ventilatory drive at constant pCO. (Rebuck and Campbell 1973) and this makes the quantitation of hypoxic-ventilatory responses simpler compared to plotting pO. against ventilation.
The carotid body sensors also show a near linear response to pCO. from 20 to 60 mm Hg, and to hydrogen ion from 20 to 60 nanoequivalents. In addition, the chemoreceptors are stimulated by a fall in blood pressure and by increased sympathetic activity which presumably reduces blood flow. Despite our knowledge of these physiologic responses the mechanisms for chemoreception are not clearly known.
The importance of oxygen sensors in the overall regulation of ventilation is best understood when viewed with other respiratory drives such as CO. and exercise. The carotid body response to CO. is thought to contribute more than 20 per cent to the CO2-ventilatory drive (Edelman et al. 1973) . Recent evidence indicates that peripheral CO. chemosensitivity includes structures other than the carotid body such as the lungs or airways which may explain part of exercise hyperpnoea (Wasserman et al. 1975) . Moreover, the background pCO. has a strong influence on the chemoreceptors such that the hypoxic ventilation response is augmented or activated by elevated pCO.. This potentiating effect must be considered when measuring hypoxic ventilatory responses.
The interaction of peripheral sensors (02, CO. H + ) and central sensors (C02 and H +) can be seen in the overall responses to metabolic acid-base disturbances or in the ventilatory acclimatization to altitude. Acute acidosis produces an immediate but weak ventilatory stimulus from peripheral receptors, but as pCO, falls, CSF pH rises and inhibits the central drive. In chronic acidosis the CSF bicarbonate falls allowing CSF pH to lower and this restoring the central drive which increases total ventilation (Mitchell and Singer 1965) . In steady state acidosis then the ventilatory increase must come from the peripheral chemoreceptors as the CSF pH is returned to normal.
Altitude produces an immediate hypoxia induced respiratory drive from the peripheral chemoreceptors that is attenuated by the CSF pH rise (like in metabolic acidosis). In a few days the hypoxic induced respiratory alkalosis persists and it is believed that CSF pH returns towards normal so as to contribute a sustained increased ventilation during acclimatization to altitude is seen and experimental animals do not survive (Foster et al. 1976). Low hypoxic responses are of clinical importance since persons with weak responses are more prone to hypoxic pulmonary edema and susceptible to the respiratory depressant effects of narcotics. Surgical removal of carotid bodies for asthma may reduce dyspnoea in certain subjects but can lead to increased pulmonary insufficiency and indeed to critical levels of consciousness (Wasserman 1978). OXYGEN TRANSFER BY LUNG John B. West, M.D., Ph.D., Department of Medicine, University of California, San Diego, U.S.A. Oxygen transfer by the lung involves the delivery of inspired gas to the alveoli (ventilation), the movement of oxygen across the blood-gas barrier (diffusion), the removal of oxygenated blood from the lung (bloodflow), and the matching of ventilation and bloodflow in different lung regions to ensure efficient gas exchange (ventilation-perfusion relationships). Hypoxaemia, that is an abnormally low partial pressure of oxygen in the arterial blood, can be caused by four mechanisms: (I) hyperventilation, (2) diffusion impairment, (3) shunt, (4) ventilation-perfusion inequality. All four mechanisms can contribute to the hypoxaemia of patients with cardiopulmonary disease though the second is relatively rare and the last is by far the commonest and the most difficult to measure.
Recently, we have developed a technique for measuring the distribution of ventilation-perfusion ratios in the lung based on the continuous infusion of a mixture of inert gases having a large range of solubilities (Wagner et al. 1974) . Normal subjects have relatively narrow distributions with the bulk of the ventilation and bloodflow going to lung units with ventilation-perfusion ratios centred on the normal value of about 1. With increasing age, the distributions tend to become broader. Patients with advanced chronic obstructive lung disease have grossly abnormal patterns, usually with bimodal distributions (West 1977) . Patients with bronchial asthma in remission have particularly interesting patterns. There is often a mode of blood flow to units with low ventilationperfusion ratios, and a striking increase in bloodflow to this mode may follow the administration of isoproterenol by aerosol. However, in spite of the marked ventilation-perfusion inequality, these patients may have only mild hypoxaemia because of their increased cardiac output. By contrast, patients who have had a myocardial infarction may have a much lower arterial P02 than would be expected from their distribution of ventilation-perfusion ratios, and this can be explained by their impaired cardiac output.
Remarkable findings have been obtained in patients with mild chronic obstructive lung disease who were given inhalation or intravenous anaesthetics. Before induction the distributions were somewhat broader than normal, but following anaesthesia, dramatic increases in shunts (blood flow to unventilated units) and regions of low ventilation-perfusion ratios were seen. A number of studies have been done in patients with acute respiratory failure. The method is well suited to investigating the impairment of gas exchange in these patients because it involves relatively little additional intubation. Such patients often have large shunts and large amounts of blood flow going to lung units with low ventilation-perfusion ratios. The addition of positive end-expiratory pressure during mechanical ventilation often reduces the shunt, but may also increase ventilation to units with very high ventilation-perfusion ratios presumably as a result of the increased alveolar pressure.
The inert gas infusion technique has clarified the mechanisms responsible for arterial hypoxaemia in patients with a variety of cardiopulmonary diseases. The information obtained is substantially more extensive than that available from the traditional Riley analysis in terms of physiological deadspace and shunt.
natal cardiotocography which identify the compromised fetus. Oxytocin stress tests are also used ante-partum to simulate the effects of labour. Intrauterine chest wall measurements ("fetal breathing") have been shown to be a sensitive indicator of fetal well-being and diminish in amplitude and frequency in response to hypoxia and other pharmacological agents, notably nicotine. Sheep studies have shown that about 65% of heart-rate variability can be suppressed by propranolol and atropine but variability still remains. This may be mediated by catecholamines. Hypoxia and hypercapnia increase heart period variability but rate and heart period in fact variability are independent. Intrapartum monitoring by continuous fetal scalp electrode or external ultrasonic doppler is widely used and is supplemented by intrauterine pressure recording. More recently recording of infused oxytocin or traces from transcutaneous fetal scalp p02 electrodes have provided more information. As a supplement to fetal scalp pH measurement micromethods for fetal scalp plasma lactate, acetoacetate and B-hydroxybutyrate are valuable, particularly in mothers with disorders of carbohydrate metabolism or those simply ketotic in labour. The role of continuous fetal heart recording in preventing intra-partum fetal death and morbidity has recently been questioned and we have completed a prospective randomized controlled trial of 504 patients using continuous recording against conventional intermittent auscultation and found no significant differences between the two groups. This would suggest to us that prevention of fetal distress lies in better ante natal prediction of the compromised fetus, optimisation of delivery procedures and timing and especially exploitation of sophisticated neonatal care facilities. CARDIOVASCULAR RESPONSES TO HYPOXIA s. W. White, Faculty of Medicine, University of Newcastle, N.S.W. Australia The systemic response to severe arterial hypoxia is the result of complex neural and local mechanisms operating in the heart and blood vessels. In conscious sub primate species e.g. rabbits (Korner 1965 ) and in the monkey (White et al. 1973) in the absence of neural control (complete autonomic blockade) there is increased ventilation, widespread vasodilation, a rise in cardiac output and a fall in arterial pressure. In the peripheral beds the mesenteric bed is the most sensitive to the dilator effects of hypoxia and hypocapnia, there is also vasodilation in the renal bed, and the least sensitive is the limb vascular bed.
In animals with intact autonomic mechanisms the initial responses (first 5 minutes) differ between species, but the longer term (up to 50 minutes) responses tend to be similar. In the rabbit, concomitant with the rise in ventilation and the induced arterial hypoxia and hypocapnia, there is (vagal) bradycardia, maintained arterial pressure, a fall in cardiac output, and widespread (sympathetic) vasoconstriction. These responses tend to dissipate with time, and cardiac output may rise and peripheral vasodilation supervene. By contrast the monkey does not show the early bradycardia and vasoconstriction, and the response throughout the hypoxic, hypocapnic period is dominated by non-neural factors.
The responses in intact, conscious monkey resemble those reported in man (Kontos et al. 1967) . Analysis of the responses in sub primate species have shown that initial response of the conscious rabbit is due to primary chemoreceptor induced autonomic vagal and sympathetic excitatory effects overriding the complex inhibitory respiratory effects on central autonomic neurons induced by a rise in ventilation. Recent studies (de Burgh Daly et al. 1978) have confirmed that the primary excitatory chemoreflex is present in the monkey, and can be brought further into relief if under controlled conditions there is an inhibition of the respiratory oscillator induced by a simultaneous nasopharyngeal, or upper airways input. However, in the normal intact monkey, the challenge of severe arterial hypoxia is met by hyperventilation, a rise in cardiac output and peripheral flow, the respiratory component inhibiting the primary chemoreceptor. Oxygen consumption is maintained. By contrast, in the early stages of severe arterial hypoxia, in the rabbit the primary chemoreceptor induced autonomic effects are not overridden by respiratory mechanisms, and the problem of hypoxia is met by a widespread vasoconstriction and a fall in oxygen consumption.
PROBLEMS OF ARTIFICIAL VENTILATION CARDIOVASCULAR RESPONSE TO PEEP
Robert R. Kirby, M.D., Department of Anesthesiology, Tulane University, New Orleans, U.S.A. Mechanical ventilators were introduced as a means of support for patients with forms of respiratory insufficiency characterized chiefly by severely impaired ability to eliminate carbon dioxide. These patients had respiratory problems which primarily involved neuromuscular dysfunction (Le. poliomyelitis), but essentially normal pulmonary parenchymal function. In such instances normal alveolar ventilation required mechanical support but oxygenation presented minimal problems.
In the past decade a form of respiratory insufficiency characterized by arterial hypoxaemia and intrapulmonary shunting has emerged as an important clinical problem, particularly in the post-traumatic and post surgical patient. Although it has been employed for many years in the treatment of this acute respiratory failure (the so-called Adult Respiratory Distress Syndrome-ARDS), mechanical ventilation has not been demonstrated to significantly alter the mortality rates (50%-80%). This observation is not surprising if one considers the pathophysiologic changes of ARDS. These include alterations in pulmonary capillary permeability, interstitial pulmonary oedema, a decrease in functional residual capacity (FRC) and/or increase in closing volume, atelectasis. V /Q abnormalities and right-to-Ieft intrapulmonary shunting. These changes result in arterial hypoxaemia but not in carbon dioxide (PaC02 ) retention in the early stages. PaC02 in fact is characteristically low. The patient is able to maintain an above normal level of alveolar ventilation and is not in need of mechanical support to aid in the elimination of CO2• In most instances C02 retention is not seen until the terminal stages. Hence mechanical ventilation per se is not suited to the reversal of these changes and may, in fact, exacerbate some of them.
With the advent of PEEP (positive end-expiratory pressure) some reversal of the progressive respiratory deterioration was possible. The maintenance of positive airway pressure throughout the expiratory phase was demonstrated to prevent total collapse of the terminal airways and alveoli thereby increasing FRC, decreasing intrapulmonary shunt, and improving arterial oxygenation.
Increased intrathoracic pressure associated with mechanical ventilation and PEEP support may result in diminished cardiovascular function particularly in the hypovolemic patient. Invasive cardiovascular monitoring allows the measurement of left ventricular filling pressure, cardiac output and mixed venous oxygen tension thereby providing a more complete assessment of the patient's cardiopulmonary status. The effect of interventions designed to augment pulmonary function can be assessed with regard to their effect on cardiovascular performance. In most instances increasing preload, as judged by ventricular filling pressure, will enhance patient tolerance to higher PEEP in cases which do not respond to traditional limits of 10 to 15 cm H,O. Such precise monitoring has shown that mechanical ventilation at high "control" rates is more deleterious to cardiovascular performance than is PEEP. Many patients require 20 or more cm pressure before adequate reversal of atelectasis and decreased shunt is achieved.
Used in conjunction with intermittent mandatory ventilation (IMV) such pressures are well tolerated, as opposed to similar PEEP in conjunction with IPPV.
Although introduced as a weaning technique in infants and adults, IMV has evolved subsequently into a primary technique of mechanical ventilation. The patient's spontaneous ventilation is truly augmented with a lower mechanical rate delivered by the ventilator only to the degree neceosary to insure adequate alveolar ventilation. Very low ventilator rates are employed since alveolar ventilation is, <1;; previously mentioned, minimally impaired. Thus complications related to mechanical ventilation. which normally utilizes high peak inflation pre'sure and rate, are minimized.
Weaning is enhanced and eliminates the use of "cold turkey" techniques (i.e. T-tube) which require the sudden, complete cessation of mechanical support. As the patient's clinical status improves and he is able to increase his spontaneous ventilatory capability the mandatory breaths are progressively decreased. When the ventilator rate is zero, weaning is completed since the patient has assumed the entire work of breathing. If the patient can maintain "acceptable" arterial blood gas and pH values and clinically acceptable spontaneous breathing (i.e. slow, regular rate and normal chest expansion), it is reasonable to assume that he can maintain these values following extubation. Spontaneous respiratory activity permitted with IMV enhance normal, physiologic respiratory muscle function and "relearning" of breathing patterns, which is frequently essential with a T-tube. is not necessary.
With IMV patient anxiety associated with T-tube weaning does not occur and does not present a prob!em of differentiation from hypoxemia and/or hypercarbia. Instead the patient usually is unaware of the gradual lowering of lMV rates and is spared anxiety and fear-producing "cold turkey" techniques. As a result nursing time and assessment are applied more advantageously to other areas since she is no longer required to observe the patient continually during T-tube weaning intervals.
In summary IMV allows mechanical ventilatory support to be applied in a more physiologic way with fewer iatrogenic complications to the patient with acute respiratory failure. Precise levels of support can be directed to each patient on an individual basis rather than imposing one level -total support -which may be neither required nor desirable.
HYPOBARIC HYPOXIA
M. E. D. and J. A. Webster, Department of Physiology, University of New England, N.S.W .. Australia Sheep exposed to acute hypobaric hypoxia at altitudes above 25,000 feet, developed intense relative bradycardia of rapid onset. The most striking response was a decrease in heart rate from 254 BPM to 85 BPM from one heart beat to the next.
The onset of the bradycardia was associated with disappearance of trains of high voltage flow waves in the electrocorticogram (ECG) and their replacement with low voltage, fast activity, typical of well-oxygenated cerebral tissue. In conscious sheep Spectral Analysis of the ECG slow wave patterns showed an increase in all frequency components with a marked increase in the 2-4 Ho range.
Splenectomy decreased the tolerance of sheep to hypobaric hypoxia but did not alter the threshold for the hypobaric bradycardia response or its magnitude.
The bradycardial phase was associated with ECG signs of myocardial ischaemia and death in one case from ventricular fibrill:Jtion. Carotid and coronary artery flows, aortic pressures and estimates of cardiac function have been related to arterial pO, and pCO, during these responses to hypobaric hypoxia. , Australia A number of authors have postulated that the blood vessel collapse which is often observed in solid tumours when they are of diameter 1-3 cm is caused by external pressure. Young, Lumsden and Stalker (1950) working with a Brown Pierce carcinoma implanted in the testis of a rabbit showed that the "tissue pressure" increased with increasing size of the tumour. They calculated this pressure by measuring the pressure required to inject a small volume of fluid into the tumour. More recently, Eddy and Cassarett (1973) set up an experiment to investigate the vascularization process for a transplantable malignant neurilemmoma implanted in the transparent cheek pouch of a hamster, and held in place by two plates held a fixed distance apart. When the tumour was about 10 days old, they noticed in some animals a general or focal reduction of the tumour blood flow. This flow could be restored if the plates were separated slightly, and it was also found that increasing the plate pressure could cause complete occlusion.
Here, we develop a mathematical model of neoplastic growth which, at least qualitatively, reproduces these observed aspects of the problem of vascular compression. The model is based on a fluid mechanical description of the solid tumour, using conservation of mass and Darcy's Law.
The mathematical model predicts that there are two main contributions to the build-up of pr·essure, (i) the pressure on the tumour from the surrounding tissue, and (ii ) the increase in pressure due to the rapid proliferation of cells within the neoplasm. In the early exponential growth phase, the pressure is maximum at the centre and increases as the tumour grows. We assume that at some critical pressure the capillaries are compressed by the surrounding tissue so that the tumour develops an avascular core, with the blood flow confined to a thin outer layer. Further expansion of the tumour also enlarges the avascular core and central necrosis appears due to a lack of nutrient and/or oxygen.
THE CARDIOVASCULAR EFFECTS OF HYPOXIA IN ADRENAL INSUFFICIENCY IN RATS
R. L. B. Neame, D. A. Powis and F. I. Imms, University of Newcastle, N.S.W., Australia The experiments to be described form part of a larger series designed to explore the nature of the primary defect leading to the cardiovascular collapse in shock. In this group of experiments acute adrenal insufficiency was used to produce a model of shock for study in rats; the cardiovascular responses of these animals were then examined to determine whether in the situation of impending cardiovascular collapse the animals were less tolerant of hypoxia.
Rats were bilaterally adrenalectomised and then allowed to recover. The cardiovascular status of groups of these animals was assessed at different intervals (1, 2, 3, 6 or 7 days) after adrenalectomy, for which anaesthesia was induced with intraperitoneally administered pentobarbitone sodium at doses between 70 and 30 mg/kg, the dose being reduced as the period after adrenalectomy lengthened to produce a similar level of surgical anaesthesia.
The pattern of shock found to develop in untreated rats was that during the first three days there was a fall in cardiac output (CO), but blood pressure (BP) was, to a great extent, maintained by compensatory mechanisms. It can be inferred that this compensation resulted from an increased sympathetic drive since both total peripheral resistance (TPR) and heart rate (HR) were raised, and other evidence has shown an increased urinary excretion of catecholamines and their metabolites in this situation. Following this, by the 6th and 7th post-operative days the BP had fallen markedly although there had been little further decline in CO. This fall, therefore, appeared to be the result of failure of the compensatory effort, being brought about principally by a large fall in TPR.
Responses to hypoxia were examined three days post-operatively when the compensatory effort was about to fail. Animals were anaesthetised with pentobarbitone sodium and prepared for CO estimation by the thermodilution method. The injectate catheter was introduced into the superior vena cava through the right external jugular vein and 0.1 ml of cold (room temperature) 0.9% saline was injected and monitored as it passed a second thermistor introduced into the aortic arch through the left common carotid artery. BP and HR were recorded from a femoral artery. Respiration was spontaneous on an open circuit system, the inspired gas being either room air or 13.5% O2 in N2• Respiratory rate was measured to give an index of ventilation.
The animals showed no changes when connected to the valve assembly and continuing to breathe room air. The intact control animals when switched to the hypoxic mixture for 15 minutes showed a rise in respiratory rate. BP fell markedly as a result of a large fall in TPR and a smaller fall in CO2; the fall in CO resulted from a fall in HR with a slight rise in stroke volume (SV). These results show a pattern consistent with a reduction in sympathetic nervous activity.
Adrenalectomized animals showed similar changes except that the fall in TPR was larger and there was also a small fall in SV. Thus the fall in BP was not only larger than in the intact animals but in the post-hypoxia recovery period the BP, TPR and HR all failed to regain their former values.
The conclusions which can be drawn from this are: 1. Hypoxia produces a marked fall in BP in the anaesthetised rat as a result of falls in both CO and TPR. 2. In the rat, shock produced by acute adrenal insufficiency is conveniently long drawn out but passes through identifiable stages of attempted compensation followed by failure to compensate. 3. During the first stage of attempted compensation, animals are more susceptible to the stress of hypoxia and show larger changes together with a reduced capacity to resume their previous degree of compensation. It is well known that different anaesthetic agents cause different cardiorespiratory responses, but their mechanism of action and how they may modify cardiorespiratory reflexes, particularly during arterial hypoxia, are less well known.
MODIFICATION OF
In the present study, the cardiorespiratory effects of the structurally different induction agents, Alfathesin and Fentanyl were examined and contrasted in the rabbit with the known effects of barbiturates. The animals were studied breathing room air and during severe arterial hypoxia. Previous studies have shown this species to be stable and a useful model for hypothesis generation concerning cardiorespiratory control in man.
In five rabbits, dose-response effects of Alfathesin were studied over a dose range of 5.7-58.0 ,ullkg/min i.v. infusion. There was a dose related fall in minute ventilation (VE) and respiratory rate (RR), and a rise in mean arterial pressure (AP) and heart rate (HR). A dose of 11.5 ,ullkg/min i.v. was chosen to induce a steady level of light anaesthesia (as judged by rectal balloon reflex, corneal reflex and eyelid reflex to tactile stimulation and light stimulus).
For the main study, six additional rabbits were prepared to investigate the effects of Alfathesin on the response to severe arterial hypoxia (PaO, < 35 mm Hg). Blood flow in the lower abdominal aorta (hind limb flow (HLF) ) was studied using chronically implanted Doppler flow probes. In the absence of Alfathesin, hypoxic stress caused a three fold rise in VE, and an increase in RR to 170 % of resting. There was no change in AP, but HR fell substantially from 265 ± 2.0 b min-1 to 173 ± 15 b min-I ; HLF and conductance rose to 125 % of resting.
After recovery, infusion of Alfathesin caused a rise in AP, HR and HLF but no change in hind limb conductance. VE and RR were significantly reduced (P < 0.01). The response to hypoxic stress (matched to that induced prior to Alfathesin infusion) was markedly altered. The rise in VE was less (P < 0.05), and the rise in RR Was abolished. While the AP response was unchanged, the HR reduction and the rise in HLF and conductance previously noted was also abolished.
Fentanyl produced qualitatively different effects. Fentanyl in a dose range 0.008-0.048 ,ug kg-I min-1 caused respiratory depression as with Alfathesin, but in contrast HR fell and there was a small rise in arterial pressure. Nembutal also caused respiratory depression, but HR rose and there were minor and evanescent changes in AP. Previous studies have shown that the effects of Nembutal are predominantly due to a central action on vagal control.
The results suggest that although the molecular structure of Alfathesin differs from barbiturates its effects on both reflex and local cardiorespiratory mechanisms in the rabbit are not dissimilar. There appears to be inhibition of central vagal and respiratory activation and in addition modification of vasodilator mechanisms regulating HLF, possibly via inhibition of adrenalin release from the adrenal medulla.
By contrast, Fentanyl appears to enhance vagal tone; however, whether this is a direct effect, or secondary to depression of respiratory mechanisms (i.e. loss of lung inflation effects, or direct depression of the central respiratory oscillator and its projection to the vagal nuclei, or peripheral chemoreceptor stimulation) has yet to be determined. PULMONARY EDEMA John B. West, MD., PhD., Department of Medicine, University of California, San Diego, U.S.A. Pulmonary edema is an ever-present hazard for the lung where the blood gas barrier which separates the plasma from the alveolar spaces is less than half a micron in thickness. Recent work shows that the pulmonary capillary endothelium is highly permeable to water and many solutes including small molecules and ions. Proteins also have a restricted movement across the cells. By contrast, the alveolar epithelium is much less permeable (except to water) and even small ions are largely prevented from crossing.
The movement of fluid from the capillary to the interstitial space around it is believed to be governed by Starling's equation. However, the value of this eq nation in practice is limited because of our present ignorance of the values of most of the variables. Probably. the net pressure responsible for fluid movement causing a lymph flow of perhaps 20 ml per hour in the human lung under normal conditions. The fluid which leaves the capillaries moves within the interstitial space of the alveolar wall and tracks to the perivascular and peribronchial interstitium. There some of it it is collected in lymphatics while some moves through the loose interstitial tissue eventually making its way to the bronchial and hilar lymph nodes.
Two stages in the formation of pulmonary edema are now recognized. The first is interstitial edema which is characterized by engorgement of the perivascular and peribronchial interstitial tissue. Pulmonary function is little affected at this stage and the condition is difficult to recognize although some radiologic changes occur. The second stage is alveolar edema where fluid moves across into the alveoli which are filled one by one. Alveolar edema is associated with hypoxemia both because of bloodflow to unventilated and to poorly ventilated lung. What prompts the transition from interstitial to alveolar edema is not fully understood but it may be that the lymphatics become overloaded and the pressure in the interstitial space increases so much that fluid spills over into the alveoli.
The etiology of pulmonary edema is best discussed under six headings: increased capillary hydrostatic pressure as in left ventricular failure, increased capillary permeability as in oxygen toxicity; lymphatic insufficiency occasionally seen in lymphangitis carcinomatosa; decreased interstitial pressure occasionally seen following the rapid removal of a unilateral pleural effusion; decreased colloid osmotic pressure which may be a factor in the edema following over-transfusion; and edema of unknown etiology, for example that seen at high altitude.
Pulmonary edema caused by oxygen toxicity is being increasingly seen in patients who are intubated and ventilated with high concentration of oxygen. Electron micrographs on monkeys exposed to 100% oxygen for two days show swelling of the capillary endothelial cells, alterations in the endothelium intercellular junctions, and damage to the alveolar epithelial cells which later leads to their complete destruction. The alveolar epithelium is replaced by rows of type 11 epithelial cells. Complete resolution may occur or organization may ensue with interstitial fibrosis. The precise stimulus-response relationship for oxygen toxicity in man is not known but a reasonable attitude is to assume that concentrations of 50% oxygen or higher for more than two days may produce toxic changes. N.S.W., Australia A relationship between changes in electrical impedance and cardiac action was described by Cremer in 1907 but measurements of cardiac output (CO) as a function of rapid thoracic electrical impedance changes were not described until 1940 by Nyboer. In recent years (Kubicek et al. 1966; Denniston et al. 1976 ) attention has been focused on the instrument as a potentially accurate method for non-invasive CO measurement on a beat-to-beat basis. The present study was undertaken in man to evaluate its clinical use at rest, during different forms of intervention, and during exercise.
NON-INVASIVE MONITORING OF
A tetrapolar electrode arrangement (using aluminium mylar strips applied circumferentially to the neck and thorax) detected small changes in impedance with each cardiac cycle when a constant 4 ma rms 100 kHz oscillating current was applied between the electrodes. The cyclic changes in impedance were differentiated, and the maximal rate of impedance change used in the Kubicek formula (Kubicek et at. 1966) to calculate stroke volume.
In four patients with acute myocardial infarction resting CO measured by the impedance (ZCO) method was similar to that measured by thermodilution (TD CO-I) in three patients {pooled data N = 21, ZCO = 5.6 ± 0.36 (SE of mean) L min, TDCO = 5.5 ± 0.43 L min-I ). In the other patient, ZCO was higher than TDCO. In five anaesthetised rabbits, measurements at rest were similar when measured by either impedance or Fick techniques (306 ± 14; 276 ± 12 ml min-l , respectively). These data suggest that in species of different size and thoracic configuration the impedance method can measure eo at rest to an accuracy of about 12%.
In two patients at rest with radial arteriovenous shunts and with cardiac insufficiency, occlusion of the shunt reduced impedance CO by 16% in both from control values of 5.3 ± 0.05 L minl and 6.2 ± 0.24 L min-l , respectively. On release, CO returned to pre-occlusion values. In two other patients, infusion of sodium nitroprusside (1 p,g kg/l minl Lv.), zeo rose to approximately 135% of resting (from 4.3 to 5.5 L min-l ), mean arterial pressure (AP) fell from 115 mm Hg to 100 mm Hg, pulmonary artery and capillary wedge pressure fell markedly and heart rate (HR) rose from 76 to 89 h minl .
In 19 sedentary males (age range 35-65) supine resting ZCO was 8.8 ± 0.69 L minl (AP = 105 ± 3.1; HR = 73 ± 2.4) and fell to 6.28 ± 0.25 L min-l (AP = 106 ± 2.6; HR = 77 ± 2.7) when subjects were seated on a bicycle ergometer. In all subjects CO rose with stepwise increases in exercise work load of 300 kpm every 3 min, reaching a maximum of 18.3 ± 1.96 L min-l (N = 5) at 1500 kpm when the subjects had worked to 'exhaustion'. In nine athletes (age range 17-28) supine resting ZCO was 11.6 ± 0.81 L min-l (AP = 98 ± 3.8; HR = 61 ± 4.0) and fell to 7.7 ± 0.72 L min-l (AP = 105 ± 4.0; HR = 65 ± 5.0) when seated before exercise. CO rose in all subjects with stepwise increases in load (as above) until at 1800 kpm when the subjects had worked to 'exhaustion'. CO was 21.1 ± 2.8 L min-1 (N = 4).
The results in general suggest that the impedance method can provide a useful index of CO at rest and during elevations of CO. They also show that while there are differences in resting cardiovascular variables and in the maximum work achievable between the two groups, their response to exercise at any given level of work load is similar. The recovery patterns are also similar except that AI' recovers more rapidly in the younger, fitter group, and there is some delay in recovery of TPR.
FETAL OXYGEN PROBLEMS AND THEIR SOLUTIONS
I. D. Cooke, Prof. of Obstetrics, Sheffield University, U.K. Fetal growth may be assessed by serial byparietal diameter measurement, or by ratios of ultrasonic abdominal girth and head measurements to express liver Ibrain ratios as an index of the growth pattern. At risk patients may be identified early in pregnancy and subjected to greater scrutiny but discrimination for all pre-term labours is poor. Exhortation to reduce smoking seems not to work in patients in late pregnancy if they smoke more than 20 cigarettes per day. Plasma urate concentrations reflecting renal function correlate well with perinatal outcome and together with early signs of disseminated intravascular coagulation provide at least as good data as endocrine fetoplacental function tests in determining the time for delivery in hypertensive patients.
Diminished fetal movements on self assessment scoring is the trigger to admission and external cardiotocography but although the fetal heart tracings may suggest the need for delivery, adequate prospective studies of the correlation of ante natal and intra-partum fetal heart rate recordings have not been reported. Caesarian section rates in patients with unfavourable cervices may be reduced by use of intravaginal or intracervical prostaglandin E" administration.
Intra-partum management has improved dramatically recently with the use of incremental oxytocin infusions monitored by intrauterine pressure using positive and negative feedback. Inco-ordinate uterine action is inferred not only from oxytocin concentrations required but also from progressive deviations from the partographic cervical dilatation curves.
Epidural analgesia is widely used and an understanding of the supine hypotensive syndrome, particularly at Caesarian section and at delivery in the lithotomy position, has reduced the incidence of acute fetal distress.
Treatment of ketosis with hypertonic glucose is still widely used in spite of animal data showing resultant fetal lactic acidosis; human data would support this and could explain some fetal deaths.
Adequate resuscitation is crucial to a good perinatal outcome and the Brith Births Survey's Respiratory Depression Ratio provides a good index of neonatal performance.
Respiratory distress syndrome is diminishing as a result of using ante-partum amniotic fluid lecithin/sphingomyelin ratios as a guide to induction timing. Earlier maturation of pulmonary surfactant using corticoids seems to have a small place -by delaying labour for from 2 to 7 days between 30 and 32 weeks. However, early induction may be the only solution to severe obstetric problems and continuous positive airways pressure and intermittent positive pressure respiration may be crucial factors in neonatal intensive care that complements improved ante natal care.
THE EFFECTS OF OXYGEN BREATHING
ON GAS EXCHANGE John B. West, M.D., PhD., Department of Medicine, University of California, San Diego, U.S.A. The inhalation of enriched oxygen mixtures has an important place in the treatment of patients with arterial hypoxemia. The mechanism of hypoxemia has an important bearing on its response to inhaled oxygen. For example, hypoxemia caused by pure hypoventilation (normal lungs) responds extremely well to added oxygen. Thus, a patient with acute barbiturate poisoning whose arterial PO" has fallen to 50 mm Hg as a result of hypoventilation may well have a normal arterial PO" restored simply by breathing 30% oxygen. Hypoxemia caused by diffusion impairment (rare) also responds well to added inspired oxygen. However, hypoxemia caused by shunt (bloodflow through unventilated lung) responds poorly, though some increase in arterial PO" always occurs and this may be useful if hypoxemia is critically important, as for example in a patient following myocardial infarction. The hypoxemia of ventilation-perfusion inequality responds well to added oxygen though it may take many minutes for the arterial PO, to reach its final level because some parts of the lung are so slow to wash out their nitrogen.
Oxygen breathing is associated with a number of hazards. Carbon dioxide retention may occur particularly in patients with advanced chronic obstructive lung disease who have an increased work of breathing. In many of these patients, hypoxic stimulation of their peripheral chemoreceptors is one of the most important factors in their ventilatory drive. If this is removed by relieving the hypoxemia, the level of ventilation may fall precipitously and severe CO, retention may ensue. However, it is generally very important to relieve the hypoxemia of these patients so a compromise is necessary. The patient should be given continuous oxygen at a low concentration, for example 24 to 38%, and the blood gases monitored. The hazard of oxygen toxicity was referred to under the heading "Pulmonary Edema".
Atelectasis is another hazard of oxygen therapy. If an airway is occluded, for example by a mucous plug, the alveolar gas is absorbed by the capillary blood and this process of absorption is very much faster if high concentrations of oxygen have been breathed. Factors leading to absorption atelectasis include excessive retained secretions, for example because the patient is unable to cough effectively, a reduced lung volume, and immobility of the patient which causes the dependent regions of the lung to fill with secretions. Recently, it has become clear that not only are nonventilated regions of the lung prone to develop absorption atelectasis, but this can also occur in poorly ventilated regions where the ventilation-perfusion ratio is very low. The mechanism here is that gas is absorbed more rapidly into the pulmonary capillary blood than it is supplied by the inspired gas. This mechanism has been shown to be responsible for the increase in shunt (bloodflow to unventilated lung) seen in some patients with acute respiratory failure who are given high concentrations of oxygen to breathe.
RESPIRATORY REFLEXES IN MAN
John Eisele, M.D., Department of Anesthesiology, University of California, Davis, U.S.A. The importance of upper airway reflexes and their cardiopulmonary effects are well appreciated by anaesthetists, however, less well known are the reflexes originating from receptors in bronchial walls and capillary-alveolar interspaces. In general pulmonary reflex receptors are classified as (1) irritant, (2) stretch and (3) nociceptive, according to anatomic or physiologic properties)
The reflex aspect of respiratory control has been extensively studied only in animals and the regulatory role of such reflexes is evidently less important in man. A few interesting studies in man suggest that histamine release during an allergic asthmatic attack stimulates irritant receptors resulting in bronchoconstriction and increased ventilation. By comparison, the direct effect of histamine on airway smooth muscle may be small. 2 Nociceptive receptors, also known as J-receptors because they are juxtapulmonary capillary, apparently are activated by increased pulmonary vascular pressure as seen in pulmonary congestion or an increase in pulmonary interstitial fluid volume.3 Such stimulation results in hyperventilation. This is a rapid shallow breathing pattern characteristically seen during pulmonary emboli. Various chemicals also activate these receptors which complicates our understanding since none of the studies have been performed in man.
Stretch receptor activity is perhaps the best known lung reflex though only recently has it been examined in man. General integration of pulmonary stretch reflex information is thought to be important in determining the rate and depth of respiration. 4 In awake man the effects of stretch only occur at tidal volumes of 1.5 to 2.0 times the eupnoeic level. 5 Guz et al., also concluded that man has a high threshold for the effects of vagal input since bilateral vagal block does not alter respiration during eupnoea but during C02 rebreathing vagotomy attenuates the ventilatory rate response.
Under halothane anaesthesia the inflation reflex is not very active at normal tidal volumes, however, there may be lung reflex activity that is not present in the awake state. For example, a deep breath can be evoked by increased airway pressure during narcotic-N20 anaesthesia. When there is pulmonary pathology, lung reflexes may have a far lower threshold and thus account for some abnormal respiratory patterns frequently seen in patients. 6 Integration and interaction of lung reflexes occurs continuously as for example during lung deflation and pneumothorax which inhibits stretch receptor discharge and at the same time stimulates irritant receptors. The reflex result of both mechanisms will be a stimulation of breathing (the Hering-Breuer deflation reflex), though the balance of the two components has not been clarified.
Respiratory sensations such as detection of irritants (foreign bodies, concentrated CO2 etc.) and the breath hold sensation appear to be vagally mediated sensory information not essential to normal homeostasis but in lung disease enhanced pulmonary sensations can be an important factor in the genesis of dyspnoea.
MEMBRANE OXYGENATORS: WHAT ROLE (IF ANY) IN ACUTE VENTILATORY INSUFFICIENCY
Robert Kirby, M.D., Department of Anesthesiology, Tulane University, New Orleans, U.S.A. In the past decade significant diagnostic and therapeutic advances have been made, some of which have effected a clear-cut reduction in mortality e.g. PEEP and/or continuous positive air pressure (CP AP) in respiratory distress syndrome of the newborn. Nevertheless, despite application of established forms of therapy some patients with particularly severe pulmonary disease do not recover. The search for new therapeutic regimens continues, and in recent years has been aided greatly by advances in engineering technology. One such approach involved the use of membrane oxygenators in conjunction with external pumping mechanisms (extracorporeal membrane oxygenation ECMO).
The basic principle of ECMO is simple. Hypoxemia is the primary threat to life in ventilatory insufficiency. If one can remove a significant amount of blood from the body, pass it through an oxygenating device, and then return it to the body by means of a pump, arterial oxygenation can be improved. This technique has been applied for many years to support cardiopulmonary function in patients undergoing open heart surgery.
A limiting factor in the past resulted from the direct mixing of oxygen with blood (as in bubble oxygenator) wh ich led to destruction of some of the formed elements of the blood (platelets, red blood cells, etc.). This problem increased with increased durations of extracorporeal support.
Four perfusion routes have been explored: ( I) Venovenous (V V) (2) Venoarterial (V A) (3) Mixed venovenous and venoarterial (VVA) (4) Arteriovenous (AV) Perhaps the most vexing problem, from both a philosophical and clinical standpoint, is the determination as to which patient should be considered for membrane oxygenator support.
The issue becomes more complex in 1978 when "conventional" therapy now includes PEEP up to 30 cm H,O and more; levels as high as 60 cm H,O have been used successfully. (Personal data and personal communication from C. Bryan-Brown) and improved survival without a concomitant increase in morbidity has been reported when such therapy is used. Thus, a question which is closely related to when ECMO should be initiated, is whether it should be substituted for conventional therapy.
In a 10 year period 250 patients have received ECMO support for acute ventilatory insufficiency.
The survival rate was 13 %. It is possible that these 250 patients were all so critically ill that the mortality might have been 100% with conventional treatment in the absence of ECMO. If 2,500 or 25,000 patients were treated during that 10 year period (the former number is plamible. the latter highly unlikely), the total impact of ECMO is still relatively insignificant in the eventual outcome of patients with ventilatory failure.
In the only attempted controlled study of ECMO versus conventional therapy, in both groups (as of June ]976), survival was only 10%.
There is evidence to suggest that the outcome of patients treated aggressively with PEEP, careful monitoring, and augmentation of cardiac output (where necessary) is considerably better than that which has been reported with ECMO.
What can be said about the current and perhaps even the future status of ECMO'? The following points seem reasonable: (1) Limited application.
(2) Limited impact. It may well be used in specific and less frequent conditions. SUMMARY AND CONCLUSION It is difficult to maintain a neutral attitude about ECMO. Proponents of such therapy have, in the past, been unrealistic about its accomplishments and occasionally, even today, seem unwilling to test its true potential in an objective fashion. Although the technology of membrane oxygenators is now well advanced, the clinical results are disappointing.
At the same time those who are skeptical of the usefulness of such therapy (and I am numbered among them) frequently have little personal experience upon which to base their opinions and even less knowledge of the science and engineering technology involved. In addition, they often have personal biases based on clinical experience, which is often not backed by any well-designed or controlled studies, as to appropriate forms of therapy ("self-evident truths") which they are unwilling to abandon. There is a dearth of individuals who are skilled in both aggressive conventional care (high level PEEP etc.) and ECMO support (most people will not admit this, but it is true). Until a sufficient number of individuals with "no axe to grind" are available, the question as to what role, if any, membrane oxygen ators have to play in the long-term support of acute ventilatory failure will remain unresolved.
